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(57) A loudspeaker diaphragm having light weight 
and an excellent balance between a rigidity and an in- 
ternal loss, and a simple and inexpensive method for 
manufacturing such a diaphragm are provided. A loud- 
speaker diaphragm according to the present invention 
includes a base layer (1 ) having a woven fabric of a pol- 
yethylene naphthalate fiber impregnated with a thermo- 
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setting resin, and optionally a thermoplastic resin layer 
and/or a thermoplastic elastomer layer. The polyethyl- 
ene naphthalate fiber is preferably an untwisted fiber. A 
fiber/resin ratio in the base layer is preferably in the 
range of 60/40 to 80/20. Preferably, the thermoplastic 
resin layer has a finely foamed structure and an average 
diameter of a cell in the finely foamed structure is 10 to 
60 u.m. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a loudspeaker diaphragm and a method for manufacturing such a diaphragm. 
More particularly, the present invention relates to a loudspeaker diaphragm having lightweight and an excellent balance 
between a rigidity and an internal loss, and a simple and inexpensive method for manufacturing such a diaphragm. 

10 

2. Description of the Related Art 

[0002] Generally, properties which are required for a loudspeaker diaphragm include a high Young modulus (a high 
elastic modulus or rigidity) and an appropriate internal loss (tan 6). As means that improves a Young modulus, a dia- 
15 phragm employing FR P (Fiber Reinforced Plastic) which is a composite of a carbon fiber and an epoxy resin is typically 
exemplified. As means that improves an internal loss, a diaphragm employing a synthetic resin such as polypropylene 
is typically exemplified. 

[0003] The above-mentioned diaphragms respectively have a problem. Specifically, the FRP diaphragm has a high 
Young modulus. However, since an epoxy resin (a matrix resin of FRP) has a very small internal loss, an internal loss 

20 of a diaphragm is small as a whole. As a result, such a diaphragm tends to cause a resonance and therefore has 
frequency characteristics in which a so-called peak dip appears verymuch. Accordingly, it is quite difficult to prevent 
production of sound which is inherent in a diaphragm material. Regarding the synthetic resin diaphragm, in many cases, 
it has satisfactory frequency characteristics due to its large internal loss. However, the synthetic resin diaphragm has 
insufficient rigidity and heat resistance. 

25 [0004] As means that improves a balance between a rigidity (a Young modulus) and an internal loss, a diaphragm 
employing a polyethylene naphthalate film is proposed in, for example, JP 01-067099 A and JP 06-181598 A. 
[0005] Furthermore, since a request for reducing the weight of a diaphragm has recently become intensive, various 
attempts have been made. For example, a light weight diaphragm, which has an unfoamed structure on the surface 
portion and a foamed structure at the inner portion and which is obtained by using a thermoplastic resin to which a 

30 foaming agent is added and by adjusting clamping force on a moid cavity and a mold clearance at the time of performing 
an injection molding, is proposed in J P 31 35482 B. Alternatively, as an attempt that simultaneously satisfies mechanical 
strength and reduction in weight, a foamed resin product, which has two cell structures respectively having a different 
foam density, is proposed in JP 1 1 -08040B A. This foamed resin product is obtained by impregnating a resin with cartoon 
dioxide gas having concentration gradient in a supercritical state and by heating the impregnated resin to be foamed. 

35 [0006] However, techniques described in the above-mentioned publications respectively have a problem as follows. 
A technique described in JP 01-067099 A and JP 06-181598 A is applicable only to a loudspeaker having a small 
diameter (i.e., a so-called micro speaker). More specifically, according to the technique described in these publications, 
it is possible to obtain a diaphragm having sufficient rigidity and internal loss for being used for a micro speaker. How- 
ever, since an internal loss of such a diaphragm is extremely insufficient for being used for a loudspeaker having a 

40 large diameter, it is impossible for the technique to obtain a practically acceptable diaphragm used for a loudspeaker 
having a large diameter. 

[0007] According to a technique described in JP 3135482 B, it is extremely difficult to adjust the time at which a 
foaming is performed and the time at which clamping force and a mold clearance are varied. As a result, It is difficult 
to stably obtain a diaphragm having a satisfactory balance between mechanical strength and weight. According to a 
45 technique described in JP 11-080408 A, since a resin molded product (e.g., a sheet) is impregnated with gas, it spends 
very much time to be sufficiently impregnated with the gas. For example, in the case where a resin having high crys- 
tallinity is used for improving mechanical strength, it may take 100 hours or more for impregnation. Therefore, this 
technique is not practicable at all. 

[0008] As described above, a loudspeaker diaphragm having light weight and an excellent balance between a rigidity 
50 and an internal loss in anyuses (i.e., regardless of a diameter of a resultant loudspeaker) , and a simple and inexpensive 
method for manufacturing such a diaphragm have been eagerly demanded. 

SUMMARY OF THE INVENTION 

55 [0009] The present Invention has been made for solving the above-mentioned problems. Therefore, it Is an object 
of the present invention to provide a loudspeaker diaphragm having light weight and an excellent balance between a 
rigidity and an internal loss in any uses, and a simple and inexpensive method for manufacturing such a diaphragm. 
[0010] According to an aspect of the present invention, a loudspeaker diaphragm comprising a base layer having a 
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woven fabric of a polyethylene naphthalate fiber impregnated with a thermosetting resin is provided. 

[0011] In one embodiment of the invention, the thermosetting resin is an unsaturated polyester resin or a melamine 

resin. 

[0012] In another embodiment of the invention, the polyethylene naphthalate fiber is an untwisted fiber. 
5 [0013] In still another embodiment of the invention, at least part of the polyethylene naphthalate fiber is coated with 
a second thermosetting resin. 

[0014] In still another embodiment of the invention, the thermosetting resin is an unsaturated polyester resin and the 
second thermosetting resin is an epoxy resin or a melamine resin. 

[0015] In still another embodiment of the invention, afiber/resin ratio in the base layer is in the range of 60/40 to 80/20. 
w [0016] In still another embodiment of the invention, the loudspeaker diaphragm further comprises a thermoplastic 
resin layer. 

[0017] In still another embodiment of the invention, the thermoplastic resin layer contains at least one selected from 
the group consisting of nylon, polyester, polyolefin, polystyrene, polyvinyl chloride, polyurethane, polysulfone, poly- 
etherketone, polyether ether ketone, polyacetal, polyalylate, polyamide, polyamideimide, polycarbonate, modified 
15 polyphenylene ether, polyphenylene sulfide, polyacrylate, polymethyl methacrylate, polyether imide, polyether sulfone, 
polytetrafluoroethylene, a liquid crystal polymer and a thermoplastic elastomer. 

[0018] In still another embodiment of the invention, the loudspeaker diaphragm further comprises a thermoplastic 
elastomer layer. 

[0019] In still another embodiment of the invention, the thermoplastic elastomer layer contains at feast one selected 
20 from the group consisting of a polyester elastomer, a polyurethane elastomer and a polyolefin elastomer. 

[0020] In still another embodiment of the invention, the thermoplastic resin layer has a finely foamed structure. 
[0021] In still another embodiment of the invention, an average diameter of a cell in the finely foamed structure is 1 0 
to 60 

[0022] In still another embodiment of the invention, the base layer comprises a woven fabric of cotton or an unwoven 
25 fabric of a liquid crystal polymer. 

[0023] According to another aspect of the invention, a loudspeaker comprising a loudspeaker diaphragm having a 
base layer that has a woven fabric of a polyethylene naphthalate fiber impregnated with a thermosetting resin is pro- 
vided. 

[0024] According to still another aspect of the invention, a method for manufacturing a loudspeaker diaphragm is 
30 provided. The method comprises the steps of: impregnating a woven fabric of a polyethylene naphthalate fiber with a 
thermosetting resin and curing the thermosetting resin, so as to form a base layer; adding inactive gas in a supercritical 
state to a molten thermoplastic resin and extruding the mixture of the thermoplastic resin and the inactive gas at pre- 
scribed temperature and pressure, so as to form a thermoplastic resin layer; and laminating the base layer and the 
thermoplastic resin layer. 

35 [0025] In one embodiment of the invention, the inactive gas is selected from the group consisting of nitrogen, carbon 
dioxide, argon, neon, helium, oxygen and mixed gas thereof. 

[0026] According to still another aspect of the invention, a loudspeaker diaphragm comprising a base layer as the 
outermost layer, a thermoplastic resin layer and a thermoplastic elastomer layer, wherein the base layer has a woven 
fabric of a polyethylene naphthalate fiber impregnated with a thermosetting resin is provided. 
40 [0027] In one embodiment of the invention, the thermoplastic resin layer is an intermediate layer composedof a film 
and the thermoplastic elastomer layer is the Innermost layer composed of a woven fabric or an unwoven fabric. 
[0028] In another embodiment of the invention, a thermoplastic elastomer constituting the thermoplastic elastomer 
layer has a melting point higher than that of a thermoplastic resin constituting the thermoplastic resin layer. 
[0029] In still another embodiment of the invention, the polyethylene naphthalate fiber is a mono-filament. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

50 Fig. 1 is a schematic cross sectional view of a loudspeaker diaphragm according to a preferred embodiment of 

the present invention. 

Fig. 2 is a schematic view illustrating a method for forming a thermoplastic resin layer of a loudspeaker diaphragm 
according to a preferred embodiment of the present invention. 

55 

Fig. 3 is a diagram Illustrating frequency characteristics of a loudspeaker employing a diaphragm of an example 
of the present invention. 
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Fig. 4 is a diagram illustrating frequency characteristics of a loudspeaker employing a diaphragm of another ex- 
ample of the present invention. 

Fig. 5 is a diagram illustrating frequency characteristics of a loudspeaker employing a diaphragm of still another 
5 example of the present invention. 

Fig. 6 is a diagram illustrating frequency characteristics of a loudspeaker employing a diaphragm of Comparative 
Example 1 . 

10 Figs. 7A and 7B are schematic cross sectional views for illustrating the difference between an internal structure 

of a diaphragm of an example of the present invention and that of a diaphragm of Comparative Example 1 . 

Fig. 8 is a diagram illustrating frequency characteristics of a loudspeaker employing a diaphragm of still another 
example of the present invention. 

15 

Fig. 9 is a diagram illustrating frequency characteristics of a loudspeaker employing a diaphragm of Comparative 
Example 2. 

Fig. 10 is a diagram illustrating frequency characteristics of a loudspeaker employing a diaphragm of still another 
20 example of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0031] Hereinafter,, preferred embodiments of the present invention will be described with referring to accompanying 

25 drawings. However, the present invention is not limited to these embodiments. 

[0032] Fig. 1 is a schematic cross sectional view of a loudspeaker diaphragm according to a preferred embodiment 
of the present invention. The diaphragm 100 includes abase layer 1. Furthermore, the diaphragm 100 may optionally 
include a thermoplastic resin layer 2 and a thermoplastic elastomer layer 3. In a diaphragm according to the present 
invention, it is preferred that the base layer 1 is the outermost layer (i.e., a layer at the side where sound wave is 

30 radiated). This is because a loudspeaker diaphragm having an excellent appearance of glossy textile pattern can be 
obtained. Other than this, the order of the respective layers to be laminated is not specifically limited. Accordingly, the 
base layer 1 f the thermoplastic resin layer 2 and the thermoplastic elastomer layer 3 may be laminated in this order 
as shown in Fig. 1 , or the base layer 1 , the thermoplastic elastomer layer 3 and the thermoplastic resin layer 2 may 
be laminated in this order. 

35 [0033] The base layer 1 includes a woven fabric of a polyethylene naphthalate (PEN) fiber impregnated with a ther- 
mosetting resin. As the thermosetting resin, any suitable thermosetting resin can be employed. Preferred examples of 
the thermosetting resin include an unsaturated polyester resin and a melamine resin. Since an unsaturated polyester 
resin can be rapidly cured at low temperature, it would be simple and easy to manufacture a loudspeaker diaphragm 
by using an unsaturated polyester resin. Furthermore, a loudspeaker diaphragm having an excellent internal loss can 

40 be obtained. A melamine resin largely contributes to improvement of mechanical strength. 

[0034] As a texture of the PEN woven fabric in the base layer 1 , any suitable texture (e.g., plain weave, twill weave, 
sateen weave and the combination thereof) can be employed. Plain weave is preferred. Since mechanical strength In 
warp and weft directions is large, it Is easy to perform a deep drawing molding. Plain weave is especially preferred for 
being used for a corn-shaped loudspeaker diaphragm having a large diameter. In the case of plain weave, METSUKE 

45 (corresponding to weave density or fabric density) is preferably 1 50 to 1 90 g/m 2 andmore preferably 1 60 to 1 80 g/m 2 . 
Here, METSUKE is one of indices of density of woven or unwoven fabric and is meant to be weight of a fabric per unit 
area. Since weave density in such a range is remarkably larger than that of a conventional woven fabric, an effect 
improving mechanical strength would be significantly increased. Furthermore, plain weave having weave density in 
such a range indicates an excellent moidability. 

so [0035] Preferably, a PEN fiber constituting the above-mentioned woven fabric is an untwisted fiber. By using an 
untwisted fiber, it is possible to extremely reduce thickness per unit weave density. As a result, a diaphragm having 
light weight and excellent mechanical strength can be obtained. For example, a usual thermoplastic resin fiber is twisted 
and a woven fabric thereof has thickness of approximately 1 mm if weave density is approximately 1 70 g/m 2 . In contrast, 
a plain weave fabric of an untwisted PEN fiber has thickness of approximately 0.1 8 mm if weave density is the same 

55 as that of a usual thermoplastic resin fiber. In other words, a woven fabric of the untwisted PEN fiber has thickness of 
less than one fifth compared to a usual thermoplastic resin fiber. If such a woven fabric is used, an amount of an 
impregnating resin can be remarkably reduced (in other words, a ratio of a fiber to a resin in the base layer can be 
remarkably increased). As a result, an internal loss can be significantly improved. Details of a ratio of a fiber to a resin 
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will be described later. Although fineness of the PEN fiber can vary appropriately depending on the objective diaphragm, 
it is preferably 800 to 1 , 200 denier (88.8 to 1 33.3 Tex). If the fineness of the fiber is less than 800 denier, weave density 
would be reduced so that mechanical strength of a diaphragm would be insufficient inmany cases. If the fineness of 
the fiber is more than 1 , 200 denier, weight wouldbe increased so that soundpressure wouldbe deteriorated in many 
s cases. Preferably, the PEN fiber is a mono-filament. By using a mono-filament, since irregular reflection would occur 
at the inner surface of a fabric, a loudspeaker diaphragm having an excellent appearance (specifically, a glossy textile 
pattern) can be obtained. 

[0036] Preferably, at least part of the PEN fiber is coated with a second thermosetting resin. As the second thermo- 
setting resin, a thermosetting resin other than the above-mentioned impregnating resin can be appropriately selected. 

10 in the case where the PEN woven fabric is impregnated with an unsaturated polyester resin, preferred examples of 
the second thermosetting resin include an epoxy resin and a melamine resin. Since wettability of the surface of the 
PEN fiber with the unsaturated polyester resin would be improved by coating the PEN fiber with an epoxy resin or a 
melamine resin, a reinforced degree of the unsaturated polyester resin with the PEN fiber would be significantly in- 
creased. As a result, a loudspeaker diaphragm having an excellent Young modulus can be obtained. On the other 

15 hand, since the coated PEN fiber and the unsaturated polyester resin appropriately slip each other when a diaphragm 
is vibrated, an appropriate internal loss is maintained. Such coating is performed by a usual impregnating operation. 
A coating amount is adjusted by varying an amount of an impregnating resin. An preferred example of the coating 
amount of the resin is 3 to 7 parts by weight and more preferably in the vicinity of 5 parts by weight based on 1 00 parts 
by weight of the base layer. 

20 [0037] A ratio of a fiber to a resin (a fiber/resin ratio) in the base layer 1 is preferably in the range of 60/40 to 80/20 
and more preferably in the range of 70/30 to 80/20. By using a base layer having a high fiber/resin ratio, a loudspeaker 
diaphragm having an excellent internal loss can be obtained without deteriorating a Young modulus. Here, the term 
"fiber/resin ratio" means a ratio of weight of a woven fabric before impregnation to weight of an impregnating resin. As 
described above, such extremely high fiber/resin ratio can be realized by using an untwisted fiber as a fiber constituting 

2s a base layer (i.e., a PEN fiber in the present invention). 

[0038] A loudspeaker diaphragm according to the present invention may optionally include a thermoplastic resin 
layer 2. By providing a thermoplastic resin layer 2, it is possible to prevent production of inherent sound which tends 
to be produced in the case where a base layer is formed alone. As a result, a loudspeaker diaphragm having frequency 
characteristics containing no peak dip can be obtained. The thermoplastic resin layer 2 may be a woven fabric, an 

30 unwoven fabric or a film. For example, in the case where a loudspeaker diaphragm according to the present invention 
has a two- layer structure including a base layer 1 and a thermoplastic resin layer 2 or where a thermoplastic resin layer 
2 is an intermediate layer as shown in Fig. 1 , the thermoplastic resin layer 2 is preferably a film. Since the resin con- 
stituting the thermoplastic resin layer 2 would easily flow into a space of the base layer 1 at the time when molding is 
performed, wettability of the surface of the PEN fiber constituting the base layer 1 can be improved. As a result, a 

35 loudspeaker diaphragm having an excellent Young modulus (rigidity) can be obtained. In contrast, in the case where 
a thermoplastic resin layer 2 is the innermost layer of a three-layer structure, the thermoplastic resin layer 2 is preferably 
a woven fabric or an unwoven fabric. This is because a resin of an intermediate layer would easily flow into a space 
of the thermoplastic layer 2. 

[0039] Examples of a resin constituting the thermoplastic resin layer 2 include nylon (such as nylon-6 or nylon-66), 
^0 polyester (such as polyethylene terephthalate or polybutylene terephthalate), polyolefin (such as polyethylene, ultra- 
high molecular weight polyethylene, polypropylene or poly(4-metyl-1 -pentene)), polystyrene, polyvinyl chloride, poly- 
urethane, polysulfone, polyether ketone, polyether ether ketone, polyacetal, polyalylate, polyamide, polyamidelmide, 
polycarbonate, modified polyphenylene ether, polyphenylene sulfide, polyacrylate, polymethyl methacrylate, polyether 
imide, polyether sulfone, polytetrafluoroethylene, a liquid crystal polymer and a thermoplastic elastomer. These can 
45 be used alone or in blend. A copolymer obtained from two or more monomers of these resins can also be used. 
Polyester, nylon and polyolefin are preferred. Nylon and polyolefin are especially preferred. This is because these 
resins have an excellent periodic damping property. 

[0040] Preferably, the thermoplastic resin layer 2 has a finely foamed structure. An average diameter of a ceil in the 
finely foamed structure is preferably 10 to 60 fim, more preferably 20 to 50 urn, and most preferably 30 to 40 um If 

50 the thermoplastic resin layer 2 has a finely foamed structure, it is possible to provide a loudspeaker diaphragm having 
an excellent mechanical strength in spite of having light weight. Especially, such a fine cell is advantageous for im- 
proving durability and reliability. In addition, since such a fine cell has an effect increasing an internal loss (tan 8) which 
is very important factor for an audio component, it is possible to reduce unnecessary sound which is radiated when a 
diaphragm is vibrated. Cell density of the finely foamed structure Is preferably 1 0 9 to 1 0 1 5 cell/cm 3 and more preferably 

55 lo 10 to 10 u cell/cm 3 . An expansion ratio corresponding to such cell density is approximately 1 .2 to 3.0. If the thermo- 
plastic resin layer has such cell density, a balance between mechanical strength and weight can be further improved. 
[0041] A process for producing the above-mentioned finely foamed structure (In the present embodiment, a process 
for producing a foamed sheet) is as follows. Initially, a resin sheet is placed inahighpressurecontaineratroomtemper- 



EP 1 429 582 A2 



ature. Then, highpressure inactive gas is sufficiently dissolved to the extent that a saturated state is produced in the 
container. Typical examples of the inactive gas include nitrogen, carbon dioxide, argon, neon, helium, oxygen and 
mixed gas thereof. Nitrogen and carbon dioxide are preferred because they are inexpensive and easy to handle. Then, 
gas pressure in the high pressure container is suddenly reduced while the temperature therein being kept at room 

5 temperature, so as to produce a supersaturated state of the gas in the resin sheet. At that time, the sheet becomes 
thermodynamicaliy extremely unstable so that a core of a cell is produced. The sheet is heated to temperature higher 
than the softening temperature of the sheet so that the cell is grown. Thereafter, the sheet is cooled to obtain a foamed 
sheet. Alternatively, a resin sheet is placed in a high pressure container at high temperature. Then, high pressure 
inactive gas is sufficiently dissolved under a high temperature and high pressure condition to the extent that a saturated 

10 state is produced in the container. Then, the gas is suddenly removed so that s up ersatu ration of the gas, production 
of a core of a cell and growth of the cell are simultaneously made progress. Thereafter, the sheet is cooled to obtain 
a foamed sheet. 

[0042] Alternatively, as shown in Fig. 2, thefinelyfoamedstructurecan Deformed simultaneously with asheetmolding 
by use of an extruder. More specifically, a thermoplastic resin 20 as a raw material is charged into an extruder 22 

is through a hopper 21 and is molten in the extruder 22 typically at temperature of 180 to 220°C. Then, inactive gas 
(typically, nitrogen, carbon dioxide, argon, neon, helium, oxygen or mixed gas thereof) in a supercritical state is added 
thereto at a prescribed amount (typically, 10 to 30 parts by weight based on 1 00 parts by weight of the resin) through 
the middle portion 23 of the extruder. Here, reference numeral 24 denotes inactive gas in a liquid state and reference 
numeral 25 denotes a SCF (Supercritical Fluid) system that produces a supercritical state. Then, the molten thermo- 

20 plastic resin and the inactive gas are kneaded while pressure of the inactive gas (a foaming gas) in the extruder being 
kept at critical pressure or higher. By keeping the inactive gas in a supercritical state, the inactive gas is incorporated 
and dispersed into the molten thermoplastic resin in an extremely short time so that an excellent compatible state can 
be realized. This is because viscosity in a supercritical state is lower than that in a liquid state and a diffusion property 
in a supercritical state is much higher than that in a liquid state. The mixture of the molten thermoplastic resin and the 

25 inactive gas is fed to a sheet molding die 26 being controlled at prescribed temperature (typically, 130 to 150°C) so 
that a foamed sheet 27 is obtained. Such a foamed sheet (a thermoplastic resin layer 2) and a PEN woven fabric (a 
base layer 1) are laminated to obtain a diaphragm according to the present invention. In the present specification, the 
term "supercritical state" means a state having critical temperature or more and critical pressure or more. Regarding 
nitrogen gas, critical temperature is -127°C and critical pressure is 3.5 MPa. Regarding carbon dioxide gas, critical 

30 temperature is 31 °C and critical pressure is 7.4 MPa. 

[0043] Also in the case where a thermoplastic resin layer 2 has a finely foamed structure, the afore-mentioned ther- 
moplastic resin can be preferably used. In this case, especially preferred resin is polyolefin. This is because a satis- 
factorily finely foamed structure can be obtained. 

[0044] A loudspeaker diaphragm according to the present invention may optionally include a thermoplastic elastomer 
35 layer 3. The thermoplastic elastomer layer 3 may be a woven fabric, an unwoven fabric or a film. For example, as 
shown in Fig. 1 , in the case where a thermoplastic elastomer layer 3 is the innermost layer, the thermoplastic elastomer 
layer 3 is preferably a woven fabric or an unwoven fabric. This is because a resin constituting a thermoplastic resin 
layer 2 would easily flow into a space of the thermoplastic elastomer layer 3 at the time whenmolding is performed. As 
a result, since wettability of the surface of the PEN fiber can be improved, a loudspeaker diaphragm having an excellent 
40 Young modulus (rigidity) can be obtained. In contrast, in the case where a thermoplastic elastomer layer 3 is an inter- 
mediate layer, the thermoplastic elastomer layer 3 is preferably a film. The thermoplastic elastomer would easily flow 
into a base layer 1 and/or a thermoplastic resin layer 2. 

[0045] As a thermoplastic elastomer constituting the thermoplastic elastomer layer 3, a polyester elastomer, a poly- 
urethane elastomer and a polyolefin elastomer are exemplified. These can be used alone or in combination. In the 

45 case where the thermoplastic elastomer layer 3 is the innermost layer, these thermoplastic elastomers preferably have 
a melting point higher than that of a resin constituting the thermoplastic resin layer 2. If the elastomer and the resin 
have such relationship, the thermoplastic resin would especially easily flow into a space of the thermoplastic elastomer 
layer 3. In contrast, in the case where the thermoplastic elastomer layer 3 is an intermediate layer, these thermoplastic 
elastomers preferablyhave ameltingpoint lower than that of a resin constituting the thermoplastic resin layer 2. If the 

50 elastomer and the resin have such relationship, the thermoplastic elastomer would especially easily flow into a space 
of the base layer 1 and/or the thermoplastic resin layer 2. Especially preferred thermoplastic elastomer is a polyester 
elastomer. This is because a loudspeaker diaphragm having an excellent internal loss can be obtained. 
[0046] The entire thickness of a loudspeaker diaphragm according to the present invention is preferably 0.1 to 1 mm 
and more preferably 0.2 to 0.6 mm. Such thickness is practically advantageous when a diaphragm is Incorporated into 

55 a loudspeaker unit. In the case where a loudspeaker diaphragm has a laminated structure, the thickness of a base 
layer 1 is preferably 0.05 to 0.4 mm and more preferably 0.1 to 0.25 mm. If the base layer has such thickness, a 
loudspeaker diaphragm having an excellent balance between a rigidity and an internal loss can be obtained. In the 
case where a thermoplastic resin layer 2 is formed, the thickness of the thermoplastic resin layer 2 is preferably 0.05 
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to 0.6 mm and more preferably 0.1 to 0.35 mm. In the case where the thermoplastic resin layer has a finely foamed 
structure, the thickness of the thermoplastic resin layer 2 is preferably 0.05 to 0.6 mm and more preferably 0.2 to 0.4 
mm. If the thermoplastic resin layer has such thickness, loudspeakers having various diameters and having an excellent 
balance between a rigidity and an internal loss can be obtained. Furthermore, in the case where a thermoplastic elas- 
5 tomer layer 3 is formed, the thickness of the thermoplastic elastomer layer 3 Is preferably 0.01 to 0.1 mm and more 
preferably 0.04 to 0.0B mm. 

[0047] A loudspeaker diaphragm according to the present invention may have any suitable layer in addition to or in 
place of the thermoplastic resin layer 2 and the thermoplastic elastomer layer 3. For example, in the case where the 
thermoplastic resin layer 2 has a finely foamed structure, a diaphragm may have an adhesive layer or an additional 

' 0 thermoplastic elastomer layer between the base layer 1 and the thermoplastic resin layer 2. In this case, adhesion 
between the base layer 1 and the thermoplastic resin layer 2 would be enhanced and an internal loss would be further 
Improved. Alternatively, a cotton woven fabric layer or a liquid crystal polymer unwoven fabric layer may be formed. 
Such a layer is formed to appropriately adjust a balance between a rigidity (mechanical strength) and an internal loss. 
Typical examples of a liquid crystal polymer include aromatic polyester and aromatic polyamide. Aromatic polyester is 

15 commercially available from Nippon Petrochemicals Co., Ltd. under a trade name of XYDER and from Kuraray Co., 
Ltd. under a trade name of Vectran. Aromatic polyamide is commercially available from DuPont-Toray Co., Ltd. under 
a trade name of KEVLER and from Teij in Limited under a trade name of Technora. The thickness of such a layer, 
weave density or a texture of a woven fabric, a method of forming an unwoven fabric or the like can be appropriately 
selected depending upon the objective diaphragm. 

20 [0048] Hereinafter, functions of the present invention will be described. 

[0049] According to the present invention, a loudspeaker diaphragm having a base layer including a woven fabric 
of a polyethylene naphthalate (PEN) fiber impregnated with a thermosetting resin is provided. Such a loudspeaker 
diaphragm has an excellent balance between a Young modulus and an internal loss. The details are as follows. If a 
woven fabric is used for a base layer, respective fibers constituting the base layer would easily slip when a diaphragm 

25 is vibrated. As a result, vibration energy is converted into heat energy so that an internal loss would become large. 
Furthermore, since a PEN woven fabric used in the present invention has an extremely large weave density, there 
exists a small amount of a thermosetting resin as a binder resin between fibers constituting the woven fabric in the 
resultant diaphragm. As a result, a laminated structure having a woven fabric layer and a resin layer is substantially 
formed in the base layer and such a structure contributes to further Improvement of an internal loss. In addition, due 

30 to the extremely large weave density of the PEN woven fabric, a Young modulus can be satisfactorily maintained. 
Accordingly, a loudspeaker diaphragm simultaneously satisfying excellent Young modulus and internal loss, which 
could not be obtained by prior art, can be realized. 

[0050] In a preferred embodiment of the present invention, the above-mentioned PEN fiber is an untwisted fiber. By 
using an untwisted fiber, it is possible to extremely reduce thickness per weave density. As a result, a diaphragm having 

35 light weight and excellent mechanical strength can be obtained. Furthermore, if a woven fabric employing such a fiber 
is used, since it is possible to remarkably reduce an amount of an impregnating resin (in other words, to remarkably 
increase the fiber/resin ratio in the base layer), an internal loss can be remarkably improved. According to the present 
invention, since the fiber/resin ratio in the range of 60/40 to 80/20 can be realized, a loudspeaker diaphragm having a 
very small amount of a resin can be obtained. As a result, due to slip of the respective PEN fibers, an extraordinarily 

40 improved internal loss can be realized compared to a film diaphragm. Actually, a loudspeaker diaphragm according to 
the present invention has an internal loss of more than ten times as much as that of a PEN film diaphragm described 
in JP 06-1 81598 A (specifically, an internal loss of Example 1 described later is 0.45 while an internal loss of the PEN 
film diaphragm is 0.038). 

[0051] In a preferred embodiment, a loudspeaker diaphragm according to the present invention has a thermoplastic 
45 resin layer and/or a thermoplastic elastomer layer. Therefore, it is possible to prevent production of inherent sound 
which tends to be produced in the case where a base layer is formed alone. As a result, a loudspeaker diaphragm 
having frequency characteristics containing no peak dip can be obtained. 

[0052] In a preferred embodiment, the thermoplastic resin layer has a finely foamed structure. If the thermoplastic 
resin layer has a finely foamed structure, it is possible to provide a loudspeaker diaphragm having excellent mechanical 
so strength in spite of having light weight. Especially, such a finely foamed structure is advantageous for improving dura- 
bility and reliability. In addition, since such a finely foamed structure has an effect increasing an internal loss (tan 8) 
which is very important factor for an audio component, it is possible to reduce unnecessary sound which is radiated 
when a diaphragm is vibrated. 

[0053] In addition, according to the present invention, a simple and Inexpensive method for manufacturing the above- 
55 mentioned diaphragm is provided. Specifically, by using inactive gas in a supercritical state, extrusion molding and 
foaming of a foamed sheet (a thermoplastic resin layer) can be simultaneously performed using an extruder for a sheet 
forming. Since such a manufacturing method does not require large scale and high pressure facilities, cost and pro- 
ductivity can be remarkably improved. 
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EXAMPLES 



[0054] Hereinafter, the present Invention will be specifically described by showing examples. However, the present 
invention is not limited to these examples. Without contrary indications, a part(s) and a percent(s) in the examples are 
5 based on weight. 



(Example 1) 



10 



15 



20 



25 



30 



[0055] An unsaturated polyester solution having the following composition was prepared: 



Unsaturated polyester resin (N350L, produced by Nippon Shokubai Co., Ltd.) 
Low shrinking agent (MODIPER S501 , produced by NOF Corporation) 
Curing agent (PEROCTA O, produced by NOF Corporation) 



100 (parts) 
5 (parts) 
1 .3 (parts) 



[0056] A cotton woven fabric (yarn number count of cotton: #20, 40 warps and 40 wefts, and weave density: 110 g/ 
m 2 ) was cut into 15 cm length and 15cmwidth. Aplainwoven fabric of a PEN fiber (produced byTeijin Limited, fineness: 
1,100 decitex, 17 warps and 17 wefts per inch, and weave density: 166 g/m 2 ), which was cut into 15 cm length and 
15 cm width, was placed on the cut cotton woven fabric to obtain a two-layer laminate. 

[0057] An opening having approximately 1 3 cm diameter was formed at the center portion of a stainless steel plate 
having approximately 16 cm length and 16 cm width to obtain a jig. Two jigs were prepared. The above-mentioned 
laminate was sandwiched between the two jigs. Approximately 5 g of the above-mentioned unsaturated polyester 
solution was dropped from the upper side (i.e., from the side of the PEN woven fabric) onto the portion in the vicinity 
of the center portion of the laminate. Then, the laminate was subj ected to molding using a matched die (mold) having 
a prescribed shape at 130°C for 30 seconds, so as to obtain a loudspeaker diaphragm having 12 cm diameter and 
0.25 mm thickness. 

[0058] Density, weight, a Young modulus and an internal loss (tan 5) were measured in accordance with a conven- 
tional method with regard to the thus-obtained diaphragm. The results of the measurement together with those of 
Examples 2 and 3 and Comparative Example 1 (described later) are shown in Table 1 as indicated below. Furthermore, 
frequency characteristics of a loudspeaker employing the thus-obtained diaphragm were measured. The results are 
shown in Fig. 3. In addition, the fiber/resin ratio of the diaphragm in Example 1 was 78/22. 



Table 1 





Density (g/cm 3 ) 


Weight (g) 


Young modulus 
(dyne/cm 2 ) 


Specific elasticity 
(dyne-cm/g) 


Internal loss (tan 8) 


Example 1 


1.01 


2.30 


3.44 x 10 1 ° 


3.41 x10l° 


0.45 


Example 2 


1.05 


2.30 


4.50 x 10 10 


4.29 x 10 10 


0.47 


Example 3 


1.01 


2.30 


5.20 x10 10 


5.15 x10 10 


0.45 


Comparative 
Example 1 


1.20 


2.40 


3.20 x 10 10 


2.67 x10 10 


0.22 



[0059] In addition, with regard to the thus-obtained diaphragm, a contact angle was measured using a contact angle 
45 measuring apparatus (CA-Q1 , manufactured by Kyowa Interface Science Co., Ltd.). The result together with that of 
Example 3 (described later) is shown in Table 2. 



Table 2 





Contact angle (degree) 


Example 1 


25 


Example 3 


85 



(Example 2) 

[0060] A loudspeaker diaphragm was manufactured In the same manner as Example 1 except that a liquid crystal 
polymer unwoven fabric (produced by Kuraray Co., Ltd., trade name: Vectran, fineness of fiber: 1 ,600 denier, andMET- 
SUKE (fabric density) : 60 g/m 2 ) was used in place of the cotton woven fabric. The thus-obtained diaphragm was 
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subjected to the same measurement as Example 1 . The results are shown in the above-mentioned Table 1 . Further- 
more, frequency characteristics of a loudspeaker employing the thus-obtained diaphragm were measured. The results 
are shown in Fig. 4. 

5 (Example 3) 

[0061] A loudspeaker diaphragm was manufactured in the same manner as Example 1 except that the plain weave 
fabric of the PEN fiber was impregnated with 5 parts of a melamine resin based on 100 parts of the fabric and then 
laminated on the cotton woven fabric. The thus-obtained diaphragm was subjected to the same measurement as 
10 Example 1 . The results are shown in the above-mentioned Table 1 . Furthermore, frequency characteristics of a loud- 
speaker employing the thus-obtained diaphragm were measured. The results are shown in Fig. 5. In addition, with 
regard to the thus-obtained diaphragm, a contact angle was measured In the same manner as Example 1 . The result 
is shown in the above-mentioned Table 2. 

15 (Comparative Example 1) 

[0062] A loudspeaker diaphragm was manufactured in the same manner as Example 1 exceptthat a laminate having 
two layers respectively composed of the cotton fabric in Example 1 was used. The fiber/resin ratio of the thus-obtained 
diaphragm was 46/54. The thus-obtained diaphragm was subjected to the same measurement as Example 1. The 
20 results are shown in the above-mentioned Table 1 . Furthermore, frequency characteristics of a loudspeaker employing 
the thus-obtained diaphragm were measured. The results are shown in Fig. 6. In addition, a schematic cross sectional 
view of the diaphragm from a picture by an electron microscope is shown in Fig. 7A. Also, a schematic cross sectional 
view of the diaphragm in Example 3 is shown in Fig. 7B. 

[0063] As is apparent from Table 1 , loudspeaker diaphragms according to examples of the present invention respec- 
ts tively have superior Young modulus and internal loss. Especially, the diaphragm in Example 3 in which the PEN fiber 
is coated with a second thermosetting resin (a melamine resin) has Young modulus and interna! loss both of approx- 
imately two times as much as those of the diaphragm in Comparative Example 3. Also, as is apparent from Table 2, 
wettability of the diaphragm in Example 3 is remarkably improved compared to that of the diaphragm in Example 1. 
However, attention should be given that properties of the diaphragm in Example 1 are much superior to those of a prior 
30 art diaphragm. 

[0064] As is apparent from Fig. 7, a base layer of a diaphragm according to the present invention substantially forms 
a three-layer structure including a resin layer, a PEN woven fabric layer, and a cotton fabric and resin layer. In contrast, 
according to the diaphragm in Comparative Example 1 , a binder resin is incorporated into a space between the fibers 
constituting the woven fabric. It is conceivable that a loudspeaker diaphragm according to the present invention has 
35 a superior internal loss due to a substantially laminated structure of the base layer and that the diaphragm has a 
superior Young modulus due to extremely large weave density of the PEN fiber and existence of an appropriate amount 
of the binder resin in the vicinity of the PEN fiber. 

(Example 4) 

40 

[0065] A plain woven fabric of an untwisted PEN fiber (produced by Teijin Limited, fineness: 1 ,1 00 x 1 ,1 00 decitex, 
17 warps and 17 wefts per Inch, and weave density: 166 g/m 2 ) was impregnated with a melamine resin and the mela- 
mine resin was cured, so as to obtain a base layer. An impregnating amount of the melamine resin was 30 parts based 
on 100 parts of the PEN fiber fabric. Furthermore, a polyester elastomer film (produced by Toyobo Co., Ltd., PEL- 
45 PRENE, and thickness of 80 jim) was used as a thermoplastic resin layer and a polyester elastomer unwoven fabric 
(produced by Toyobo Co., Ltd., PELPRENE, fabric density of 110 g/cm 2 ) was used as a thermoplastic elastomer layer. 
The base layer, the thermoplastic resin layer and the thermoplastic elastomer layer were laminated in this order from 
the front side (the side at which sound wave is radiated). Here, such an unwoven fabric is usually produced by a water 
jet method. 

so [0066] An opening having approximately 1 3 cm diameter was formed at the center portion of a stainless steel plate 
having approximately 16 cm length and 16 cm width to obtain a jig. Two jigs were prepared. The above-mentioned 
laminate was sandwiched between the two jigs. Then, the laminate was preliminarily heated at 120 to 160°C for 10 
seconds by use of a far infrared heater so that a part of the thermoplastic resin layer (the polyester film) flew into a 
space of the base layer and the thermoplastic elastomer layer. By performing such a preliminary heating, it is possible 

55 to significantly shorten a molding time. Next, the laminate was subjected to molding using a matched die (mold) having 
a prescribed shape at 130°Cfor30 seconds underpressure of 90 to 140 kg/cm 2 . After the mold was cooled, the mold 
was opened so that the molded product was taken out. As a result, a loudspeaker diaphragm having 12 cm diameter 
and 0.29 mm thickness was obtained. 



EP 1 429 582 A2 



[0067] Density, weight, a Young modulus and an Internal loss were measured in accordance with a conventional 
method with regard to the thus-obtained diaphragm. The results of the measurement together with those of Examples 
5 and 6 and Comparative Example 2 (described later) are shown in Table 3 as indicated below. Furthermore, frequency 
characteristics of a loudspeaker employing the thus-obtained diaphragm were measured. The results are shown in 
s Fig. 8. 



Table 3 





Density (g/cm 3 ) 


Thickness (mm) 


Weight (g) 


Young modulus 
(dyne/cm 2 ) 


Internal loss (tan 5) 


Example 4 


1.10 


0.29 


2.30 


2.20 x10 10 


0.45 


Comparative 
Example 2 


1.40 


0.29 


3.20 


10.44 x10 10 


0.02 


Example 5 


1.10 


0.29 


2.30 


3.40 x10 10 


0.40 


Example 6 


1.10 


0.29 


2.30 


2.20 x10 10 


0.48 



(Comparative Example 2) 

[0068] A prepreg in which a plain woven fabric of KEVLER (trade name, produced by DuPont-Toray Co., Ltd., fine- 
ness: 1 , 100 x 1, 100 decitex, 17 warps and 17 wefts per inch, and weave density: 166 g/m 2 ) was impregnated with 
an epoxy resin was molded at 130 C C for 5 minutes under pressure of 90 to 140 kg/cm 2 . As a result, a loudspeaker 
diaphragm having 12 cm diameter and 0.29 mm thickness was obtained. 

[0069] The thus-obtained diaphragm was subjected to the same measurement as Example 4. The results are shown 
in the above-mentioned Table 3. Furthermore, frequency characteristics of a loudspeaker employing the thus-obtained 
diaphragm were measured. The results are shown in Fig. 9. 

(Example 5) 

[0070] A thermoplastic resin layer having a finely foamed structure was produced by the following process. Polypro- 
pylene (produced by Mitsubishi Chemical Corporation, trade name: MA06) was dried by hot air and charged into an 
extruder whose temperature was controlled at 200°C so that the polypropylene was molten. Then, carbon dioxide in 
a pressurized state at 25 MPa was injected by a pump through the middle portion of the extruder. The carbon dioxide 
was incorporated and dispersed into the molten polypropylene in a short time. The molten mixture was extruded at the 
die temperature of 140°C and at an extruding speed of 20 kg/h and was passed through three rolls so as to obtain a 
foamed sheet. An average diameter of a cell of the foamed sheet was approximately 20 urn. 

[0071] A loudspeaker diaphragm was manufactured in the same manner as Example 4 except that the foamed sheet 
was used as a thermoplastic resin layer. The thus-obtained diaphragm was subjected to the same measurement as 
Example 4. The results are shown in the above-mentioned Table 3. Furthermore, frequency characteristics of a loud- 
speaker employing the thus-obtained diaphragm were measured. The results are shown in Fig. 10. 

(Example 6) 

[0072] A loudspeaker diaphragm was manufactured in the same manner as Example 5 except that a base layer, a 
thermoplastic elastomer layer and a thermoplastic resin layer were laminated in this order from the front side. The 
thus-obtained diaphragm was subjected to the same measurement as Example 4. The results are shown in the above- 
mentioned Table 3. Furthermore, frequency characteristics of a loudspeaker employing the thus-obtained diaphragm 
were measured. 

[0073] As is apparent from Table 3, loudspeaker diaphragms according to examples of the present invention respec- 
tively have low density (light weight) and an excellent balance between a Young modulus (rigidity) and an internal loss. 
[0074] As described above, according to the present invention, it is possible to provide a loudspeaker diaphragm 
having lightweight and an excellent balance between a rigidity and an internal loss by providing a base layer including 
a woven fabric of a polyethylene naphthalate (PEN) fiber impregnated with a thermosetting resin. Furthermore, ac- 
cording to the present invention, it is possible to provide a simple and inexpensive method for manufacturing such a 
diaphragm. 

[0075] Many other modifications will be apparent to and be readily practiced by those skilled in the art without de- 
parting from the scope and spirit of the invention. It should therefore be understood that the scope of the appended 
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claims is not intended to be limited by the details of the description but should rather be broadly construed. 



Claims 

1. A loudspeaker diaphragm comprising a base layer having a woven fabric of a polyethylene naphthalate fiber im- 
pregnated with a thermosetting resin. 

2. A loudspeaker diaphragm according to claim 1 , wherein the thermosetting resin is an unsaturated polyester resin 
or amelamine resin. 

3. A loudspeaker diaphragm according to claim 1 or 2, wherein the polyethylene naphthalate fiber Is an untwisted fiber. 

4. A loudspeaker diaphragm according to any of claims 1 to 3, wherein at least part of the polyethylene naphthalate 
fiber is coated with a second thermosetting resin. 

5. A loudspeaker diaphragm according to claim 4, wherein the thermosetting resin is an unsaturated polyester resin 
and the second thermosetting resin is an epoxy resin or a melamine resin. 

6. A loudspeaker diaphragm according to any of claims 1 to 5, wherein a fiber/resin ratio in the base layer is in the 
range of 60/40 to 80/20. 

7. A loudspeaker diaphragm according to any of claims 1 to 6, further comprising a thermoplastic resin layer. 

8. A loudspeaker diaphragm according to claim 7, wherein the thermoplastic resin layer contains at least one selected 
from the group consisting of nylon, polyester, polyolefin, polystyrene, polyvinyl chloride, polyurethane, polysulfone, 
polyether ketone, polyether ether ketone, polyacetai, polyalylate, polyamide, polyamideimide, polycarbonate, mod- 
ified polyphenylene ether, polyphenylene sulfide, polyacrylate, polymethyl methacrylate, polyether imide, polyether 
sulfone, polytetrafluoroethylene, a liquid crystal polymer and a thermoplastic elastomer. 

9. A loudspeaker diaphragm according to any of claims 1 to 8, further comprising a thermoplastic elastomer layer. 

10. A loudspeaker diaphragm according to claim 9, wherein the thermoplastic elastomer layer contains at least one 
selected from the group consisting of a polyester elastomer, a polyurethane elastomer and a polyolefin elastomer. 

11. A loudspeaker diaphragm according to any of claims 7 to 10, wherein the thermoplastic resin layer has a finely 
foamed structure. 

12. A loudspeaker diaphragm according to claim 1 1 , wherein an average diameter of a cell in the finely foamed structure 
is 10 to 60 um 

13. A loudspeaker diaphragm according to any of claims 1 to 12, wherein the base layer comprises a woven fabric of 
cotton or an unwoven fabric of a liquid crystal polymer. 

14. A loudspeaker comprising a loudspeaker diaphragm according to any of claims 1 to 13. 

15. A method for manufacturing a loudspeaker diaphragm comprising the steps of: 

impregnating a woven fabric of apolyethylene naphthalate fiber with a thermosetting resin and curing the ther- 
mosetting resin, so as to form a base layer; 

adding inactive gas in a supercritical state to a molten thermoplastic resin and extruding the mixture of the 
thermoplastic resin and the inactive gas at prescribed temperature and pressure, so as to form a thermoplastic 
resin layer; and 

laminating the base layer and the thermoplastic resin layer. 

16. A method according to claim 1 5, wherein the inactive gas is selected from the group consisting of nitrogen, carbon 
dioxide, argon, neon, helium, oxygen and mixed gas thereof. 
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Fig. 5 
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Fig. 7B 
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Fig. 8 
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Fig. 10 
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